Stress-induced impairments of mucosal immunity may increase susceptibility to infectious diseases. The present study investigated the association of perceived stress, depressive symptoms, and loneliness with salivary levels of secretory immunoglobulin A (S-IgA), the subclasses S-IgA1, S-IgA2, and their transporter molecule Secretory Component (SC). S-IgA/SC, IgA1/SC and IgA2/SC ratios were calculated to assess the differential effects of stress on immunoglobulin transport versus availability.
a b s t r a c t
Stress-induced impairments of mucosal immunity may increase susceptibility to infectious diseases. The present study investigated the association of perceived stress, depressive symptoms, and loneliness with salivary levels of secretory immunoglobulin A (S-IgA), the subclasses S-IgA1, S-IgA2, and their transporter molecule Secretory Component (SC). S-IgA/SC, IgA1/SC and IgA2/SC ratios were calculated to assess the differential effects of stress on immunoglobulin transport versus availability.
This study involved 113 university students, in part selected on high scores on the UCLA Loneliness Scale and/or the Beck Depression Inventory. Stress levels were assessed using the Perceived Stress Scale. Unstimulated saliva was collected and analysed for total S-IgA and its subclasses, as well as SC and total salivary protein. Multiple linear regression analyses, adjusted for gender, age, health behaviours, and concentration effects (total protein) revealed that higher perceived stress was associated with lower levels of IgA1 but not IgA2. Perceived stress, loneliness and depressive symptoms were all associated with lower IgA1/SC ratios. Surprisingly, higher SC levels were associated with loneliness and depressive symptoms, indicative of enhanced transport activity, which explained a lower IgA1/SC ratio (loneliness and depression) and IgA2/SC ratio (depression). This is the first study to investigate the effects of protracted psychological stress across S-IgA subclasses and its transporter SC. Psychological stress was negatively associated with secretory immunity, specifically IgA1. The lower immunoglobulin/transporter ratio that was associated with higher loneliness and depression suggested a relative immunoglobulin depletion, whereby availability was not keeping up with enhanced transport demand.
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Introduction
Human and animal studies have provided convincing evidence that psychological stress may increase susceptibility to infection and infectious diseases (Engeland and Marucha, 2009; Moreira et al., 2008; Ojard et al., 2015; Pedersen et al., 2010) . Approximately 95% of all infections start at mucosal surfaces such as the lining of the mouth, the respiratory and gastro-intestinal tracts, and the eyes (Bosch et al., 2002; Castro-Sanchez and Martin-Villa, 2013; Mayer and Walker, 2005; Sato and Kiyono, 2012) . These vulnerable soft tissues are protected by various antimicrobial proteins secreted by local exocrine glands, which constitute a first line of immunological defense (Mayer and Walker, 2005) . A key immunological component in these secretions is secretory immunoglobulin A (S-IgA) (Macpherson et al., 2008; Mantis and Forbes, 2010; Mantis et al., 2011 
